Organophosphate (OP) poisoning induces inhibition of acetylcholinesterase (AChE) thereby accumulation of a neurotransmitter acetylcholine in synaptic gap. Simulated binding of OPs with human AChE was performed to study mechanistic insight of binding and inhibition. High precision flexible ligand docking of seventy-five OPs with human AChE enzyme (HuAChE) individually reveals binding energies of OPs; lowest in Pyraclofos followed by Phenthoate acid, Prothiophos, Methyl isofenphos, Sulprophosoxon and Propaphos. Aromatic amino acids such as Trp86, Phe295, Arg296, Tyr337, Phe338, Tyr341 etc were noticed in Pi interactions due to partial negative charges on surface of aromatic group. Pi-cation interactions were most favored by OPs and were contributed by Trp86 due to presence of anionic indole ring. Although Phe295, Phe298 and Tyr341 were also involved in Pi -sigma or Pi -Pi interactions, Trp86 played a key role in amino acid stabilizing OP-HuAChE complex by Pi-cation interaction. Study suggested that amino acid Trp86 has provided a most potent Pi-cation binding site. Trp86 along with other aromatic residues played crucial role in stabilizing organophosphate-human acetylcholinesterase complex thereby inhibition of target enzyme.
Introduction
Organophosphates (OP) are esters or thiols derived from phosphoric, phosphonic, phosphinic or phosphor-amidic acid of broad class insecticides extensively used to enhance agricultural produce and household pest control. A total of about 890 active ingredients are registered as pesticides in USA and currently marketed in some 20,700 pesticide products. World pesticide expenditures totaled more than $39 billion in 2007 [1] . Some OPs have medical importance, e.g. diisopropyl phosphorofluoridate (DFP), tetraethyl pyrophosphate (TEPP), and octomethyl pyrophosphotetramide (OMPA) for the treatment of myasthenia gravis and an organophosphate esteret ecothiopate, still being used to treat glaucoma [2, 3, 4].
*Corresponding author E-mail address: aranjan@amity.edu (Anuj Ranjan)

2230-7842 / © 2015 JCPR. All rights reserved.
They are also used as plasticizers, stabilizers in lubricating and hydraulic oils, flame retardants, and gasoline additives [5] . General population is inevitably exposed to OP pesticides since residues of many of them are environmentally persistent. Every year thousands of individuals suffer OP poisoning from dietary, household, accidental or occupational exposure [6] . The extensive application or mishandling of these compounds result in deleterious health hazards including numerous documented cases of human fatalities and also associated with serious human toxicity, accounting for more than 80% of pesticide-related hospitalizations [7] . The use of OP have increased considerably due to their low persistence in the mammalian system compared to organochlorine pesticides [8] but indiscriminate and excessive application has lead to the common occurrence of residues in food crops, natural water systems, soil and atmosphere, which are considered as the major sources of exposure [9, 10, 11 [20] provided valuable insights on many fronts, not the least of which is the cation-ð interaction. The active site lies at the bottom of a deep, narrow gorge, a substantial portion of which is lined by 14 conserved aromatic residues. At the active site, the quad of ACh is in contact with the side chain of the highly conserved Trp-84. AChE enzyme and its inhibitors is target to many X-ray crystallographic and molecular modeling studies. The X-ray crystal structures of AChE from different species have been documented in the protein data bank e.g. 1EVE [24] . A number of ligands have been co-crystallized with the enzyme. However, X-ray crystallographic structure of human AChE with OPs has not been documented so far, so further details of binding mechanism between the two are very limited. This research has focused on role of active site aromatic amino acids in inhibition and binding pattern of huAChE with OPs. The study included random selection of seventy five OPs commonly marketed in India, considering exposure to the population is random. Model of HuAChE (PDB ID-1B41) was used as reference model to execute OP-HuAChE interaction study.
Materials and Methods
Tools used for editing molecules,
molecular dynamics and docking Discovery studio visualizer 3.1 was used to analyze ligand-HuAChE complexes and also to edit enzyme molecules prior to docking. Argus lab 4.0.1 was used to run docking program which allows flexible as well as rigid docking. Marvin sketch was used to generate lower energy conformers and Chimera was used for molecular dynamic simulation and minimization program.
Preparation of Protein model
3D model of HuAChE based on the crystal structure of human AChE enzyme was retrieved from Protein Data Bank, PDB ID 1B41. Enzyme was complexed with a snake venom toxin fasciculin-Ⅱ and three other ligands alpha-l-fucose, n-acetyl-d-glucosamine and 2 -(acetylamino) -2 -deoxy -a -dglucopyranose.
In order to recover the structure of the enzyme from the above complex, ligands were removed using a molecular editor (Discovery studio visualizer) and hydrogen atoms were added to the enzyme. Model was optimized by energy minimization. Hundred steps of each minimization steepest decent was carried out followed by conjugate gradient.
Active site analysis
By considering the experimental facts that the active site of AChE includes Ser203, Glu334, and His447, it was found that this site was composed of 29 residues (Kryger et al. 2000 and Zheng et al. 2009). Figure 1 represents the binding site (Highlighted residues). These residues are: Gln71-Tyr-Val-Asp-ThrLeu76, Gly82-Thr-Glu84, Trp86-Asn-Pro88, Leu130, Tyr133, Glu202-Ser-Ala204, Trp286, Phe295, Phe297, Glu334, Tyr337-Phe338, Tyr341, Trp439, His447-Gly-Tyr449, and Ile451.
Ligand preparation
Seventy-five OP molecules were retrieved from pubchem library. Using Marvin sketch tool, lowest energy conformers of each was generated and saved as .mol2 format making them compatible for Argus lab program. 
Docking studies
Results and Discussion
OP molecules were simulated individually for interacting in-silico with HuAChE enzyme on a defined binding site of ~27Å. 
Amino acids contributing OP-HuAChE binding
Analyzing all individual OP-AChE complexes, study infers that OP prefers anionic binding site composed of two pockets connected by a narrow gorge. Amino acids on anionic pockets are preferably Phe295, Arg296, Tyr337, Phe338, Tyr341, His447 etc. Amino acid Tyr124 and Tyr337 played an important role in contributing H-bonds with most of the OP ligands, cases of such bonding were observed with Ser125 and Gly121 also. Tyr124 and ser125 were not included on binding site still they were showing good frequency while interacting with ligands. Anionic surface of indole ring of Trp86 helped in contributing maximum Pi-cation interactions although, several Pi interaction were noticed with Phe295,Tyr337 and Tyr341. Figure 1 explains the contribution of binding site amino acids in OP-HuAChE binding.
Pi interaction and role of aromatic amino acids
Aromatic amino acids which have negative charge clouds over the rings are helpful in stabilizing OP-HuAChE complexes. Trp86 provided maximum of both Pi-Pi and Pi-cation interaction that is six and fifty one respectively in number. Maximum number of Pi-sigma that is seven was provided by Tyr341. This amino acid was also noticed in backing Pi-cation followed by Phe295 after Trp86. Amino acids Gly122, Ser125, Gly121, Ser203, Tyr124 etc played an important role in binding of OPs with 
Conclusion
Analyzing all individual OP-AChE complexes, it seems convincing to say that, OP prefer anionic binding site composed of two pockets connected by a narrow gorge on HuAChE. Anionic pocket is lined by aromatic amino acids on anionic pockets are preferably Phe295, Arg296, Tyr337, Phe338, Tyr341, His447 etc and Trp86 on the neck of the gorge. These amino acids are actively stabilizing Pi interactions. Anionic surface of aromatic ring of these amino acids help in contributing Pi interaction. Trp86 was noticed as key involvement in Pi-cation interaction since sixty eight percent of OPs were stabilized by Pi -cation interaction. On an average sixty eight percent of the OPs are found to have Pi-cation interaction led by Trp86. The flat face of aromatic rings has partial negative charge owing to the Pi electrons. Positive charge deficit of central atom of OP and partial negative charge on rings of aromatic amino acids are helpful in creating electrostatic potential by stabilizing Pi -cation interaction 
